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1
ROBOT SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

The application claims priority under 35 U.S.C. §119 to
Japanese Patent Application No. 2012-161017 filed on Jul.
19, 2012, the entire disclosure of which is hereby incorpo-
rated by reference.

BACKGROUND

1. Technical Field

An embodiment of the present disclosure relates to a robot
system.

2. Related Art

JP-A-2011-251828 discloses a processing system includ-
ing a robot system.

SUMMARY

A robot system according to an aspect of the present dis-
closure includes: a robot arm; a robot hand provided on the
robot arm; a contact unit provided on the robot hand for
rotating a rotation body of a rotation device which includes
the rotation body capable of housing a work and a fixed part
rotatably supporting the rotation body and which performs a
predetermined process on the work; a detection unit config-
ured to detect a detection target part provided on the rotation
body; a first control unit configured to control operation of the
robot arm and the robot hand so that the contact unit rotates
the rotation body up to a predetermined rotational position
according to a result of detecting the detection target part by
the detection unit; and a second control unit configured to
control operation of the robot arm and the robot hand so that
the work is installed at a predetermined work set part of the
rotation body stopping at the predetermined rotational posi-
tion or the work is removed from the work set part.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a system configuration diagram illustrating an
example of an entire configuration of a robot system accord-
ing to an embodiment;

FIG. 2 is a plan diagram illustrating an example of a con-
figuration of a tube;

FIG. 3 is a plan diagram illustrating an example of a con-
figuration of an insertion tool;

FIG. 4 is a perspective diagram illustrating an internal
configuration of a casing of a centrifugal separator;

FIG. 5 is a plan diagram illustrating an example of a con-
figuration of a tube serving as a positioning member;

FIG. 6A is a front diagram illustrating an example of a
configuration of a robot main body, and FIG. 6B is a top
diagram thereof;

FIG. 7 is a function block diagram illustrating an example
of a functional configuration of a robot controller;

FIG. 8 is a flow chart of operation control over the robot
main body by the robot controller;

FIG. 9 is a flow chart of operation control over the robot
main body by the robot controller;

FIG.10is an explanatory diagram illustrating the operation
of the robot main body;

FIG. 11 is an explanatory diagram illustrating the operation
of the robot main body;

FIG. 12 is an explanatory diagram illustrating the operation
of the robot main body;
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2

FIG. 13 is an explanatory diagram illustrating the operation
of the robot main body;

FIG. 14 is an explanatory diagram illustrating the operation
of the robot main body;

FIG. 15 is an explanatory diagram illustrating the operation
of the robot main body; and

FIG. 16 is an explanatory diagram illustrating the operation
of the robot main body.

DETAILED DESCRIPTION

In the following detailed description, for purpose of expla-
nation, numerous specific details are set forth in order to
provide a thorough understanding of the disclosed embodi-
ments. [t will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. Inother
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

An embodiment is hereinafter described with reference to
the drawings. In this embodiment, a series of jobs to be
executed by a robot system is described. The jobs include a
job of inserting a tube into an insertion hole provided on a
rotor of a centrifugal separator and a job of removing the tube
from the insertion hole.

First, with reference to FIG. 1, an example of the entire
configuration of a robot system of this embodiment is
described.

As depicted in FIG. 1, a robot system 1 according to this
embodiment includes a robot system 10 and a centrifugal
separator (also called a centrifugal machine, a centrifuge, a
centrifugal device, or the like) 300. The centrifugal separator
300 corresponds to a rotation device.

The robot system 10 includes a robot main body 100 and a
robot controller 200. The robot main body 100 and the robot
controller 200 are connected with or without a wire to com-
municate with each other. The robot main body 100 may
include the robot controller therein.

The robot main body 100 includes a base stand 101, a trunk
part 102, and two arms 103L and 103R (robot arms). The
robot main body 100 is a so-called double-arm robot. An end
of'the arm 103L is provided with a left hand (also called a tool,
an end effector, or the like) 120L. Similarly, an end of the arm
103R is provided with a right hand (also called a tool, an end
effector, or the like) 120R. The hands 1201, and 120R corre-
spond to robot hands. The hand may alternatively be provided
for a part other than the end of the arm. The robot main body
100 is later described more specifically.

The right hand 120R is provided with a sensor 130 (detec-
tion unit). The position of the sensor 130 at the right hand
120R is not limited to that depicted in FIG. 1, but may be
another position. The sensor 130 is not necessarily fixed
directly on the right hand 120R. The sensor 130 may be fixed
(connected) indirectly on the right hand 120R via an appro-
priate member. Instead of, or in addition to the right hand
120R, the left hand 1201 may be provided with the sensor
130. The sensor 130 is later described in detail.

The robot controller 200 includes a computer including, for
example, a calculator, a memory device, an input device, and
the like. The robot controller 200 controls over the entire
operation of the robot main body 100. The robot controller
200 is later described more specifically.

A table T is disposed near the robot main body 100. Two
racks 401 A and 401B are disposed at appropriate positions on
the table T.

The rack 401A houses a tube (centrifugal precipitation
tube, centrifugal settler, centrifuge tube, sedimentation tube,
etc.) 402. The tube 402 can be inserted into an insertion hole
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306 provided on a rotor 305 of the centrifugal separator 300 to
be described later. The tube 402 corresponds to a vessel to be
processed, and a work. The tube 402 is not particularly lim-
ited as long as the tube 402 is the vessel that can be inserted
into the insertion hole 306. The tube 402 may be, for example,
a conical tube or a microtube.

FIG. 2 depicts an example of the configuration of the tube
402. As depicted in FIG. 2, the tube 402 includes an opening
(not shown) formed at an upper part thereof, and a lid 402A.
The 1id 402A is capable of covering and uncovering the
opening. The configuration of the tube 402 is not limited to
this example. A sample Sa (body to be separated) is housed in
the tube 402. The sample Sa is a target which is subjected to
centrifugal separation in the centrifugal separator 300.

The tube 402 is held by one hand 120 (for example, the left
hand 120L) of the robot main body 100. The tube 402 is
inserted into the particular insertion hole 306 provided on the
rotor 305 of the centrifugal separator 300 to be later described
(the details are described later).

The rack 401B houses an insertion tool 403. The insertion
tool 403 can be inserted into the insertion hole 306 provided
on the rotor 305 of the centrifugal separator 300 to be later
described. The insertion tool 403 is not particularly limited as
long as it can be inserted into the insertion hole 306.

FIG. 3 depicts an example of the configuration of the inser-
tion tool 403. As depicted in FIG. 3, the insertion tool 403 has
an approximately cylindrical shape as a whole. This insertion
tool 403 is provided with a flange part 403 A provided at an
intermediate part in its longitudinal direction, and an end part
403B having a smaller outer diameter than the inner diameter
of the insertion hole 306. The configuration of the insertion
tool 403 is not limited to this example.

This insertion tool 403 is held by one hand 120 (for
example, the right hand 120R) of the robot main body 100. A
part of the end part 403B of the insertion tool 403 is inserted
into the particular insertion hole 306 provided on the rotor
305 of the centrifugal separator 300 to be described later. The
part of the end part 403B is in contact with an inner peripheral
surface of the insertion hole 306 (the details are described
later). Holding the insertion tool 403 by the hand 120 can be
equivalent to providing the insertion tool 403 on the hand 120.
Therefore, the insertion tool 403 held by the hand 120 corre-
sponds to a contact unit.

The centrifugal separator 300 is a device for centrifugally
separating the sample Sa. That is, the sample Sa is housed in
the tube 402, and the tube 402 is inserted into the insertion
hole 306 provided on the rotor 305 to be described later. The
centrifugal separator 300 applies a centrifugal force on the
sample Sain the tube 402 inserted into the insertion hole 306.
Thus, the centrifugal separator 300 separates or fractionates
the components (dispersoid) contained in the sample Sa. In
other words, the centrifugal separation corresponds to the
predetermined processing. The centrifugal separator 300
includes a casing 301 (fixed part) and a lid 302, which are
described later. The lid 302 is rotatably connected to the
casing 301. An operation panel 310 including a display unit,
an input unit, and the like is provided at an upper part of the lid
302 capable of covering and uncovering an opening 303A of
a bowl 303 provided on the casing 301.

FIG. 4 depicts an example of an internal configuration of
the casing 301 of the centrifugal separator 300. As depicted in
FIG. 4, the casing 301 of the centrifugal separator 300 is
provided with the bowl 303. The rotor 305 (rotation body)
with an approximately circular shape in a plan view is pro-
vided in a rotor chamber 304 including the bowl 303. The
rotor 305 is connected to a rotating shaft (not shown) of a
motor (not shown) provided inside the casing 301. The rotor
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4

305 is supported by the casing 301 so that the rotor 305 can be
rotated around an axis of rotation AX by the motor. In the
centrifugal separator 300, the position at which the rotor 305
stops (rotational position) can vary (is not constant) every
time the rotation ends (that is, every time the centrifugal
separation process ends). A plurality of (24 in this example)
insertion holes 306 (insertion ports) with an approximately
circular shape is provided on the rotor 305 along its circum-
ferential direction. The insertion hole 306 can have the tube
402 housed therein. The number of insertion holes 306 in the
rotor 305 is not limited to 24. Moreover, the configuration of
the centrifugal separator 300 is not limited to this example.

When the rotor 305 has the 24 insertion holes 306, the rotor
305 can have 24 tubes 402 at the maximum. Therefore, the
centrifugal separator 300 can process 24 samples Sa at the
maximum in one operation. However, in this embodiment,
one tube 402 is provided for the rotor 305 and the centrifugal
separator 300 processes one sample Sa in one operation.

Among the 24 insertion holes 306, a positioning member
(detection target part) 500 is inserted in advance into one
appropriate insertion hole 306C (third insertion port). Note
that, before the centrifugal separation process of the centrifu-
gal separator 300 is started, the robot main body 100 may
have the positioning member 500 inserted into the insertion
hole 306C. The state in which the positioning member 500 is
inserted in advance into the insertion hole 306C can be
regarded as the state in which the positioning member 500 is
provided on the rotor 305. Therefore, the positioning member
500 inserted in advance into the insertion hole 306C corre-
sponds to the detection unit. The positioning member 500 is
not particularly limited as long as the member 500 is a mem-
ber that can be inserted into the insertion hole 306. The
positioning member 500 may be, for example, a tube. In this
embodiment, the poisoning member 500 serves as a tube
(dummy tube) not having the sample Sa. The poisoning mem-
ber 500 is also referred to as a tube 500 below.

FIG. 5 depicts an example of the tube 500. As depicted in
FIG. 5, the tube 500 includes an opening (not shown) formed
at its upper part, and a lid 500A. The lid 500 A can cover and
uncover the opening. The configuration of the tube 500 is not
limited to this example. An appropriate object (liquid or solid)
501 is housed in the tube 500. The sum of the weight of the
tube 500 and the weight of the object 501 inside is preferably
substantially equal to the sum of the weight of the tube 402
and the weight of the sample Sa inside.

The appropriate one insertion hole 306B (second insertion
port) among the 24 insertion holes 306 is determined in
advance as the sample set part (work set part) where the tube
402 having the sample Sa housed therein is inserted. In this
embodiment, the insertion hole 306B is provided at the posi-
tion facing the insertion hole 306C. This insertion hole 306B
is determined in advance as the sample set part. The sample
set part is not limited to the insertion hole 306B at the position
facing the insertion hole 306C. However, in consideration of
the weight balance of the rotor 305, the sample set part is
preferably the insertion hole 306B.

The appropriate one insertion hole 306A (first insertion
port) among the 24 insertion holes 306 is determined in
advance as the insertion hole where the insertion tool 403 is
inserted. In this embodiment, the insertion hole 306A is pro-
vided next to the insertion hole 306B clockwise. This inser-
tion hole 306 A is determined in advance as the insertion hole
where the insertion tool 403 is inserted. The insertion hole
where the insertion tool 403 is inserted is not limited to the
insertion hole 306 A next to the insertion hole 306B clock-
wise.
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Next, with reference to FIGS. 6A and 6B, one example of
the configuration of the robot main body 100 is described.

As depicted in FIGS. 6 A and 6B, the base stand 101 of the
robot main body 100 is fixed to an installation surface (such as
a floor) with an anchor bolt or the like (not shown).

The trunk part 102 of the robot main body 100 has a first
joint part. The first joint part has a first actuator Ac1. The first
actuator Acl rotates and drives the trunk part 102 around a
first rotation axis Ax1, which is approximately perpendicular
to the installation surface. Therefore, the trunk part 102 is
installed on the base stand 101 via the first joint part so that the
trunk part 102 can be rotated around the first rotation axis
Ax1. One end of the trunk part 102 supports the arm 103L,,
while the other end thereof supports the arm 103R. The trunk
part 102 is rotated around the first rotation axis Ax1 by the
first actuator Acl. This turns the entire arms 103L and 103R.

The arm 103L has a shoulder part 104L., an upper arm A
part 1051, an upper arm B part 106L., a lower arm part 107L,,
a wrist A part 1081, a wrist B part 1091, and a flange 110L.
These parts are rotated and driven by second to eighth actua-
tors Ac2 to Ac8, respectively. The second to eighth actuators
are provided at second to eighth joint parts of the arm 103L,
respectively.

The shoulder part 104L. is rotatably connected to the trunk
part 102 via the second joint part. The shoulder part 104L. is
rotated around a second rotation axis Ax2 which is approxi-
mately parallel to the installation surface by the second actua-
tor Ac2 provided at the second joint part.

The upper arm A part 1051 is turnably connected to the
shoulder part 1041 via the third join part. The upper arm A
part 105L is turned around a third rotation axis Ax3 which is
approximately perpendicular to the second rotation axis Ax2
by the third actuator Ac3 provided at the third joint part.

The upper arm B part 106L is rotatably connected to the
upper arm A part 105L via the fourth joint part. The upper arm
Bpart 106L is rotated around a fourth rotation axis Ax4 which
is approximately perpendicular to the third rotation axis Ax3
by the fourth actuator Ac4 provided at the fourth joint part.

The lower arm part 107L is turnably connected to the upper
arm B part 106L. via the fifth joint part. The lower arm part
107L is turned around a fifth rotation axis Ax5 which is
approximately perpendicular to the fourth rotation axis Ax4
by the fifth actuator Ac5 provided at the fifth joint part.

The wrist A part 108L is rotatably connected to the lower
arm part 1071 via the sixth joint part. The wrist A part 1081
is rotated around a sixth rotation axis Ax6 which is approxi-
mately perpendicular to the fifth rotation axis Ax5 by the sixth
actuator Ac6 provided at the sixth joint part.

The wrist B part 109L is turnably connected to the wrist A
part 108L via the seventh joint part. The wrist B part 109L is
turned around a seventh rotation axis Ax7 which is approxi-
mately perpendicular to the sixth rotation axis Ax6 by the
seventh actuator Ac7 provided at the seventh joint part.

The flange 110L is rotatably connected to the wrist B part
109L. via the eighth joint part. The flange 110L is rotated
around an eighth rotation axis Ax8 which is approximately
perpendicular to the seventh rotation axis Ax7 by the eighth
actuator Ac8 provided at the eighth joint part.

Moreover, an end of the flange 110L is provided with the
left hand 120L. This left hand 120L is rotated around the
eighth rotation axis Ax8 in conjunction with the rotation of
the flange 110L. around the eighth rotation axis Ax8.

The left hand 120L has two holding members 121 that can
move in a direction where the members approach each other
or separate from each other. The left hand 120L. can hold at
least one of the tube 402 and the insertion tool 403 with these
two holding members 121. The left hand 120L is not limited
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to this example. The left hand 1201 may have, for example,
five finger members. In this case, the left hand 1201, may be
able to hold at least one of the tube 402 and the insertion tool
403 with these five finger members.

The arm 103R has the configuration similar to that of the
arm 103L. In other words, the arm 103R has a shoulder part
104R, an upper arm A part 105R, an upper arm B part 106R,
a lower arm part 107R, a wrist A part 108R, a wrist B part
109R, and a flange 110R. These parts are rotated and driven
by ninth to fifteenth actuators Ac9 to Acl5, respectively. The
ninth to fifteenth actuators are provided at ninth to fifteenth
joint parts of the arm 103R, respectively.

The shoulder part 104R is rotatably connected to the trunk
part 102 via the ninth joint part. The shoulder part 104R is
rotated around a ninth rotation axis Ax9 which is approxi-
mately parallel to the installation surface by the ninth actuator
Ac9 provided at the ninth joint part.

The upper arm A part 105R is turnably connected to the
shoulder part 104R via the tenth joint part. The upper arm A
part 105R is turned around a tenth rotation axis Ax10 which is
approximately perpendicular to the ninth rotation axis Ax9 by
the drive of the tenth actuator Ac10 provided at the tenth joint
part.

The upper arm B part 106R is rotatably connected to the
upper arm A part 105R via the eleventh joint part. The upper
arm B part 106R is rotated around an eleventh rotation axis
Ax11 which is approximately perpendicular to the tenth rota-
tion axis Ax10 by the eleventh actuator Ac11 provided at the
eleventh joint part.

Thelower arm part 107R is turnably connected to the upper
arm B part 106R via the twelfth joint part. The lower arm part
107R is turned around a twelfth rotation axis Ax12 which is
approximately perpendicular to the eleventh rotation axis
Ax11 by the twelfth actuator Acl2 provided at the twelfth
joint part.

The wrist A part 108R is rotatably connected to the lower
arm part 107R via the thirteenth joint part. The wrist A part
108R is rotated around a thirteenth rotation axis Ax13 which
is approximately perpendicular to the twelfth rotation axis
Ax12 by the thirteenth actuator Acl3 provided at the thir-
teenth joint part.

The wrist B part 109R is turnably connected to the wrist A
part 108R via the fourteenth joint part. The wrist B part 109R
is turned around a fourteenth rotation axis Ax14 which is
approximately perpendicular to the thirteenth rotation axis
Ax13 by the fourteenth actuator Acl4 provided at the four-
teenth joint part.

The flange 110R is rotatably connected to the wrist B part
109R via the fifteenth joint part. The flange 110R is rotated
around a fifteenth rotation axis Ax15 which is approximately
perpendicular to the fourteenth rotation axis Ax14 by the
fifteenth actuator Ac15 provided at the fifteenth joint part.

An end of the flange 110R is provided with the right hand
120R. The right hand 120R is rotated around the fifteenth
rotation axis Ax15 in conjunction with the rotation of the
flange 110R around the fifteenth rotation axis Ax15.

The right hand 120R has a similar configuration to the left
hand 120L. That is, the right hand 120R has the two holding
members 121 that can move in a direction where the members
approach each other or separate from each other. The right
hand 120R can hold at least one of the tube 402 and the
insertion tool 403 with these two holding members 121. The
right hand 120R is not limited to this example. The right hand
120R may have a different configuration from the left hand
120L. The right hand 120R may have, for example, five finger
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members. In this case, the right hand 120R may be able to
hold atleast one of the tube 402 and the insertion tool 403 with
these five finger members.

The right hand 120R has the sensor 130 installed as
described above (see FI1G. 1. The sensor 130 is not depicted in
FIGS. 6A and 6B). As described above, the rotor 305 of the
centrifugal separator 300 is provided with the insertion hole
306C. This insertion hole 306C has the tube 500 inserted
therein. The sensor 130 detects this tube 500. The sensor 130
is not particularly limited as long as the sensor 130 can detect
the tube 500 inserted in the insertion hole 306C. The sensor
130 may be, for example, a laser sensor. In this embodiment,
the sensor 130 is a laser sensor. The sensor 130 has a light
projection unit 131 and a light reception unit 132 (see FI1G. 10
and the like). In this sensor 130, the light projection unit 131
projects laser light. The light reception unit 132 receives its
reflection light. Thus, the sensor 130 can detect the tube 500
(the details are described later). The detection results of the
tube 500 by the sensor 130 are output to the robot controller
200 as sensor signals.

Each of the first to fifteenth actuators Acl to Ac15 of the
robot main body 100 may include a servo motor including a
decelerator, for example. Each of the first to fifteenth actua-
tors Acl to Acl5 may include a rotational position sensor
(such as an encoder, which is not shown). The rotational
position sensor outputs a signal indicating the rotational posi-
tion information of the first to fifteenth actuators Acl to Ac15
to the robot controller 200 for every predetermined calcula-
tion cycle.

In this example, the arms 1031 and 103R have seven joint
parts, i.e., seven degrees of freedom. That is, the arms 1031
and 103R have three degrees of freedom in forward move-
ment, three degrees of freedom in rotation, and one degree of
freedom in redundancy. Note that the number of degrees of
freedom of the arms 103L and 103R is not limited to seven.

As depicted in FIG. 6B, the trunk part 102 is formed so that
the parts ranging from the first joint part to the second and
ninth joint parts protrude horizontally forward beyond the
base stand 101. Thus, the first rotation axis Ax1, and the
second rotation axis Ax2 and the ninth rotation axis Ax9 are
offset by a length of D1 in a direction approximately parallel
to the installation surface. Thus, the space below the shoulder
parts 1041, and 104R can be used as a working space. More-
over, by rotation of the rotation axis Ax1, the range that the
arms 1031 and 103R can reach can be expanded.

Moreover, the shape of the upper arm B part 106R is set so
that the position of the eleventh rotation axis Ax11 and the
position of the twelfth rotation axis Ax 12 are offset by a
length of D2 as viewed from top. In addition, the shape of the
lower arm part 107R is set so that the position of the twelfth
rotation axis Ax12 and the position of the thirteenth rotation
axis Ax13 are offset by a length of D3 as viewed from top.
Therefore, when the eleventh rotation axis Ax11 and the
thirteenth rotation axis Ax13 are approximately perpendicu-
lar to each other, the offset length of the eleventh rotation axis
Ax11 and the thirteenth rotation axis Ax13 is (D2+D3). Thus,
a large clearance between the lower arm part 107R corre-
sponding to the “lower arm” of a person and the upper arm A
part 105R and the upper arm B part 106R which correspond to
the “upper arm” of a person can be secured when the twelfth
joint part corresponding to the “elbow” of a person is bent. As
a result, even when the right hand 120R attached at an end of
the flange 110R is brought closer to the trunk part 102, the
degree of freedom of the operation of the arm 103R can be
increased.

Moreover, as for the arm 1031, although not explicitly
depicted in FIG. 6B, the shape of the upper arm B part 1061
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is set so that the position of the fourth rotation axis Ax4 and
the fifth rotation axis AxS are offset by a length of D2 as
viewed from top. The shape of the lower arm part 107L. is set
so that the position of the fifth rotation axis Ax5 and the sixth
rotation axis Ax6 are offset by a length of D3 as viewed from
top. As a result, the offset length of the fourth rotation axis
Ax4 and the sixth rotation axis Ax6 when the fourth rotation
axis Ax4 and the sixth rotation axis Ax6 are approximately
parallel to each other is (D2+D3).

Next, with reference to FIG. 7, an example of a mechanical
configuration of the robot controller 200 is described.

As depicted in FIG. 7, the robot controller 200 includes an
instruction data acquisition unit 201, an instruction data stor-
age unit 202, a sensor signal acquisition unit 203, an operation
control unit 204, a first control unit 205, and a second control
unit 206.

In the robot system 1 of this embodiment, an instructor
inputs instruction data related to the operation of the robot
main body 100 using an appropriate input device. The instruc-
tion data acquisition unit 201 acquires the input instruction
data and stores the data in the instruction data storage unit
202.

The sensor signal acquisition unit 203 acquires the above
sensor signal output from the sensor 130 (result of detecting
the tube 500 by the sensor 130).

The operation control unit 204 controls the operation of the
entire robot main body 100 including the arms 1031 and
103R and the hands 120L and 120R on the basis of the
instruction data stored in the instruction data storage unit 202.
For example, the operation controlled by the operation con-
trol unit 204 includes, for example, an operation of holding
and releasing the tube 402 and the insertion tool 403 by the
robot main body 100, an operation of opening and closing the
lid 302 of the centrifugal separator 300, and an operation of
the operation panel 310 of the centrifugal separator 300.

The first control unit 205 inputs the instruction data stored
in the instruction data storage unit 202 and the sensor signal
acquired by the sensor signal acquisition unit 203. The first
control unit 205 controls the operation of the entire robot
main body 100 including the arms 103L. and 103R and the
hands 120L and 120R on the basis of the instruction data and
the sensor signal. For example, the first control unit 205
controls the robot main body 100 to insert the end part 403B
of'the insertion tool 403 into the insertion hole 306 A provided
on the rotor 305 of the centrifugal separator 300. After that,
the first control unit 205 controls the robot main body 100 to
move the inserted insertion tool 403 so that the rotation of the
rotor 305 stops at a predetermined rotational position at
which the position of the insertion hole 306B becomes a
particular position.

The second control unit 206 controls the operation of the
entire robot main body 100 including the arms 1031 and
103R and the hands 120L and 120R on the basis of the
instruction data stored in the instruction data storage unit 202.
For example, itis assumed that the rotor 305 of the centrifugal
separator 300 stops at the predetermined rotational position
by the control of the first control unit 205. In this case, the
second control unit 206 controls the robot main body 100 to
insert the tube 402 into the insertion hole 306B of the rotor
305. Note that the insertion of the tube 402 into the insertion
hole 306B corresponds to the installation of the tube 402 at
the sample set part. In addition, it is assumed that the rotor 305
of the centrifugal separator 300 stops at the predetermined
rotational position by the control of the first control unit 205
and that the rotor 305 has the tube 402 inserted into the
insertion hole 306B of the rotor 305. In this case, the second
control unit 206 can control the robot main body 100 to
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remove the tube 402 from the insertion hole 306B. Note that
the removal of the tube 402 from the insertion hole 306B
corresponds to the removal of the tube 402 from the sample
set part.

Next, with reference to FIGS. 8 and 9, an example of the
content of the operation control of the robot main body 100 by
the robot controller 200 is described. Moreover, with refer-
ence to FIGS. 10 to 16, an example of the operation of the
robot main body 100 by the control of the robot controller 200
is described. The tube 402 and the insertion tool 403 may be
held by any of the two hands 120L and 120R of the robot main
body 100. In the description below, the tube 402 is held by the
left hand 1201 while the insertion tool 403 is held by the right
hand 120R.

The process in the flow chart of FIGS. 8 and 9 is started by
the appropriate starting process. At the time of the start, the
front of the robot main body 100 faces the table T. As depicted
in FIG. 8, first, the operation control unit 204 operates the
right arm 103R, the right hand 120R, and the like in Step S10
to allow the holding members 121 of the right hand 120R to
hold the insertion tool 403 housed in the rack 401B on the
table T.

After that, in Step S20, the operation control unit 204
operates the left arm 1031, the left hand 1201, and the like to
allow the holding members 121 of the left hand 120L to hold
the tube 402 housed in the rack 401A on the table T.

Then, in Step S30, the operation control unit 204 turns the
trunk part 102 including the arms 103L and 103R so that the
front of the robot main body 100 faces the centrifugal sepa-
rator 300.

After that, in Step S40, the operation control unit 204
operates the right arm 103R, the right hand 120R, and the like
to open the lid 302 of the centrifugal separator 300 with the
right hand 120R. Note that the operation control unit 204 may
open the 1id 302 of the centrifugal separator 300 with the left
hand 120L alternatively.

The rotor 305 of the centrifugal separator 300 stops at the
appropriate rotational position. In Step S50, the operation
control unit 204 operates the right arm 103R, the right hand
120R, and the like to allow the sensor 130 of the right hand
120R to detect the tube 500 in the insertion hole 306C of the
rotor 305.

For example, the operation control unit 204 moves the right
hand 120R so that the sensor 130 is located above the rotor
305 as depicted in FIG. 10. The term “above” refers to the
position where laser light from the light projection unit 131 of
the sensor 130 (spot light in this example) is emitted to a
region along the circumferential direction of a part of the rotor
305 which is provided with the 24 insertion holes 306. The
operation control unit 204 rotates the moved right hand 120R
along the circumferential direction of the rotor 305. Thus, the
insertion holes 306 are sequentially irradiated with the laser
light from the light projection unit 131 by the operation con-
trol unit 204.

At this time, as depicted in FIG. 11, the lid (lid part) 500A
ofthe tube 500 in the insertion hole 306 is irradiated with the
laser light from the light projection unit 131. The reflection
light is received by the light reception unit 132. Thus, the tube
500 is detected. A sensor signal from the sensor 130 is
acquired by the sensor signal acquisition unit 203. Therefore,
the operation control unit 204 detects the position of the tube
500 on the basis of the sensor signal acquired by the sensor
signal acquisition unit 203. As a result, the operation control
unit 204 detects the rotational position of the rotor 305 stop-
ping at the appropriate position (i.e., the position along the
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circumferential direction of each insertion hole 306 of the
rotor 305). Based on the detection results, the insertion hole
306A is specified.

After that, in Step S60, the first control unit 205 operates
the right arm 103R, the right hand 120R, and the like to allow
the end part 403B ofthe insertion tool 403 held by the holding
members 121 of the right hand 120R to be inserted into the
specified insertion hole 306 A as depicted in FIG. 12.

Then, in Step S70, the first control unit 205 operates the
right arm 103R, the right hand 120R, and the like to allow the
insertion tool 403 inserted into the insertion hole 306 A in Step
S60 to move in one-side direction of the circumferential
direction of the rotor 305 as depicted in FIG. 12 (counter-
clockwise in the example depicted in FIG. 12). Thus, the first
controlunit 205 rotates the rotor 305, which has stopped at the
appropriate position, up to a predetermined rotational posi-
tion (position depicted in FIG. 13) and stops the rotor 305 at
that position so that the position of the insertion hole 3068
relative to the casing 301 becomes the predetermined speci-
fied position as depicted in FIG. 13. Thus, the rotational
position of the rotor 305 and the position of the insertion hole
306B are determined.

After that, in Step S80, the second control unit 206 operates
the left arm 103L, the left hand 120L, and the like to allow the
tube 402, which is held by the holding members 121 of the left
hand 120L, to be inserted into the insertion hole 306B of the
rotor 305 stopping at the predetermined rotational position as
depicted in FIG. 14. Then, the second control unit 206 causes
the left hand 120L to release the tube 402. Thus, the tube 402
is housed in the insertion hole 306B.

Then, in Step S90, the operation control unit 204 operates
the right arm 103R, the right hand 120R, and the like to close
the lid 302 of'the centrifugal separator 300 with the right hand
120R. Note that the operation control unit 204 may use the
left hand 120L alternatively to close the lid 302 of the cen-
trifugal separator 300.

After that, in Step S100, the operation control unit 204
operates the right arm 103R, the right hand 120R, and the like
to operate the input unit of the operation panel 310 using the
right hand 120R as appropriate. Thus, the operation control
unit 204 starts the centrifugal separation process of the cen-
trifugal separator 300. Note that the operation control unit
204 may start the centrifugal separation process of the cen-
trifugal separator 300 by alternatively operating the input unit
of'the operation panel 310 using the left hand 120L as appro-
priate.

The robot main body 100 is provided with a timer (not
shown). The set time of the timer is approximately equal to
the time from the start to the end of the centrifugal separation
process of the centrifugal separator 300. In Step S105, the
operation control unit 204 activates the timer. Thus, the opera-
tion control unit 204 makes the robot main body 100 standby
during the set time of the timer.

Note that the centrifugal separator 300 and the robot con-
troller 200 may be connected to each other. In this case, the
centrifugal separator 300 may be set so that the signal is
output to the robot controller 200 at the time of the end of the
centrifugal separation process. The robot controller 200 may
have the robot main body 100 standby until the signal is input.

After the centrifugal separation process of the centrifugal
separator 300 ends, that is, after the set time of the timer
activated in Step S105 has passed, the operation control unit
204 operates the right arm 103R, the right hand 120R, and the
like in Step S110 to open the lid 302 of the centrifugal sepa-
rator 300 with the right hand 120R like in Step S40 as
depicted in FIG. 9.
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The rotor 305 of the centrifugal separator 300 stops at the
appropriate rotational position. In Step S120, the operation
control unit 204 operates the right arm 103R, the right hand
120R, and the like to allow the sensor 130 of the right hand
120R to detect the tube 500 in the insertion hole 306C of the
rotor 305 like in Step S50. On this occasion, the rotor 305 has
the tube 402 and the tube 500 housed therein. For example,
the longitudinal size of the tube 500 may be larger than that of
the tube 402. In other words, the amount of the tube 500
protruding out of the insertion hole 306C may be larger than
the amount of the tube 402 protruding out of the insertion hole
306B. Moreover, the reflectivity of the laser light at the lid
500A ofthe tube 500 may be higher than that of the laser light
at the 1id 402A of the tube 402. This facilitates the detection
of the tube 500. Thus, the operation control unit 204 detects
the position of the tube 500 on the basis of the sensor signal
acquired by the sensor signal acquisition unit 203. Thus, the
operation control unit 204 detects the rotational position of
the rotor 305 stopping at the appropriate position (i.e., the
position along the circumferential direction of each insertion
hole 306 of the rotor 305). Based on this detection results, the
insertion hole 306A is specified.

Then, in Step S130, the first control unit 205 operates the
right arm 103R, the right hand 120R, and the like to allow the
end part 403B of the insertion tool 403 held by the right hand
120R to be inserted into the specified insertion hole 306A as
depicted in FIG. 15 like in Step S60.

After that, in Step S140, the first control unit 205 operates
the right arm 103R, the right hand 120R, and the like to allow
the insertion tool 403 inserted into the insertion hole 306A in
Step S130 to move in one-side direction of the circumferen-
tial direction of the rotor 305 like in Step S70. Thus, the first
control unit 205 rotates the rotor 305 stopping at the appro-
priate position up to the predetermined rotational position.
This determines the rotational position of the rotor 305.

Then, in Step S150, the second control unit 206 operates
the left arm 103L, the left hand 1201, and the like to allow the
holding members 121 of the left hand 120L to hold the tube
402 in the insertion hole 306B of the rotor 305 stopping at the
predetermined rotational position and to remove tube 402
from the insertion hole 306B as depicted in FIG. 16.

After that, in Step S160, the operation control unit 204
operates the right arm 103R, the right hand 120R, and the like
to close the lid 302 of the centrifugal separator 300 with the
right hand 120R like in Step S90.

Then, in Step S170, the operation control unit 204 turns the
trunk part 102 and the like so that the front of the robot main
body 100 faces the table T.

After that, in Step S180, the operation control unit 204
operates the right arm 103R, the right hand 120R, and the like
to insert the insertion tool 403 held by the holding members
121 of the right hand 120R into the rack 401B on the table T.
After that, the operation control unit 204 causes the holding
members 121 to release the insertion tool 403. Thus, the
insertion tool 403 is housed in the rack 401B.

Then, in Step S190, the operation control unit 204 operates
the left arm 103L, the left hand 1201, and the like to insert the
tube 402 held by the holding members 121 of the left hand
120L into the rack 401 A on the table T. After that, the opera-
tion control unit 204 causes the holding members 121 to
release the tube 402. Thus, the tube 402 is housed in the rack
401A. Then, the process in the flow chart ends.

As thus described, the robot system 1 according to this
embodiment performs installation and removal of the tube
402 at and from the rotor 305 in the centrifugal separation
process of the centrifugal separator 300 with respect to the
sample Sain the tube 402. In the centrifugal separator 300, the
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rotor 305 is rotatably supported by the casing 301. A part of
the rotor 305 where the tube 402 is installed and removed
(sample set part) is fixedly determined in advance. The rota-
tional position of the rotor 305 might vary (might not be
constant) every time the centrifugal separation process ends.
Therefore, the position of the sample set part of the rotor 305
is not constant either every time the centrifugal separation
process ends.

In the robot system 1 of this embodiment, the first control
unit 205 controls the operation of the arms 1031 and 103R
and the hands 120L and 120R. Thus, the first control unit 205
sets the rotational position of the rotor 305, which is not
constant, at the particular position. That is, the tube 500 in the
insertion hole 306C of the rotor 305 is detected by the sensor
130. The insertion tool 403 held by the hands 120L. and 120R
is inserted into the insertion hole 306B of the rotor 305. The
first control unit 205 rotates the rotor 305 in accordance with
the detection results of the sensor 130. Thus, the rotational
position of the rotor 305 is set at the predetermined rotational
position. Then, the second control unit 206 controls the arms
103L and 103R and the hands 120L and 120R. Thus, the
second control unit 206 performs the installation and removal
of'the tube 402 at and from the sample set part of the rotor 305
stopping at the particular position (the above predetermined
rotational position).

As aforementioned, in this embodiment, wherever the rotor
305 stops, the control by the first control unit 205 can set the
rotational position of the rotor 305 at the particular position.
Thus, with the robot main body 100, the installation and
removal of the tube 402 at and from the sample set part can be
performed with respect to the sample set part at approxi-
mately the same position on the basis of the subsequent con-
trol by the second control unit 206. As a result, it is no longer
necessary to specify the rotational position of the rotor and the
sample set part through photographing and/or image analysis
or the like every time for the installation and the removal of
the tube 402. Thus, the operation control of the robot main
body 100 can be simplified. Moreover, the reliability of the
operation of the robot main body 100 can be increased.

In this embodiment, after the insertion tool 403 is inserted
into the insertion hole 306 A, the first control unit 205 operates
the inserted insertion tool 403. Thus, the first control unit 205
sets the rotational position of the rotor 305 at the predeter-
mined rotational position so that the sample set part of the
rotor 305 is at the particular position. To achieve this, the first
control unit 205 controls the operation of the arms 1031 and
103R and the hands 120L and 120R. In this manner, in this
embodiment, the first control unit 205 moves the insertion
tool 403 inserted into the insertion hole 306A in the circum-
ferential direction of the rotor 305 without any change. As a
result, the rotational position of the rotor 305 can be set at the
predetermined rotational position easily and smoothly.

Moreover, in this embodiment, the first control unit 205
controls the operation of the arms 1031, and 103R and the
hands 1201 and 120R to rotate the rotor 305 up to the prede-
termined rotational position so that the insertion hole 306B of
the rotor 305 as the sample set part comes to the particular
position. Thus, wherever the rotational position (stop posi-
tion) of the rotor 305 is, the position of the insertion hole 306B
can be set at the particular position. As a result, the robot main
body 100 can perform the insertion and removal of the tube
402 into and from the insertion hole 306B at approximately
the same position in the centrifugal separation process. That
is, the relative positional relationship between the robot main
body 100 and the insertion hole 306B can be approximately
the same easily.



US 9,156,163 B2

13

In this embodiment, the rotor 305 stops at the predeter-
mined rotational position by the control of the first control
unit 205. The second control unit 206 controls the operation
of the arms 1031 and 103R and the hands 120L and 120R so
that the tube 402 is inserted into the insertion hole 306B ofthe
rotor 305 or the inserted tube 402 is removed from the inser-
tion hole 306B. Thus, wherever the rotor 305 stops, the robot
main body 100 can insert or remove the tube 402 into or from
the insertion hole 306B at approximately the same position
with high accuracy.

In this embodiment, the insertion hole 306B of the rotor
305 is a hole used for inserting and removing the tube 402.
Meanwhile, the insertion hole 306C is provided on the rotor
305 like the insertion hole 306B. This insertion hole 306C is
aholeused for inserting and removing the tube 500 serving as
the positioning member. The sensor 130 detects the tube 500
inserted into this insertion hole 306C. Thus, the rotational
position can be detected using the insertion hole 306C in this
embodiment. The insertion hole 306B and the insertion hole
306C may be shared. In this case, the appropriate ones of the
insertion holes 306 of the rotor 305 may be used as the
insertion hole 3068 and the insertion hole 306C. The posi-
tional relationship between the insertion hole 306B and the
insertion hole 306C may be set as appropriate. In this case, the
weight balance of the rotor 305 can be set as desired consid-
ering the weight of the tube 402 inserted into the insertion
hole 306B and the weight of the tube 500 inserted into the
insertion hole 306C.

In this embodiment, the centrifugal separator 300 centrifu-
gally separates the sample Sa inside the tube 402. On this
occasion, wherever the rotor 305 stops, the installation and
removal of the tube 402 at and from the rotor 305 can always
be performed at the same position. As a result, the reliability
of the operation of the centrifugal separator 300 can be
increased.

The embodiment of the present disclosure is not limited to
the above description. The present disclosure can be modified
within the range not departing from the content and technical
thought thereof. In the above embodiment, the insertion tool
403 held by the hands 1201 and 120R is inserted into the
insertion hole 306 A. After that, by moving the inserted inser-
tion tool 403, the rotor 305 is rotated. However, the present
disclosure is not limited thereto; for example, the hand may
have a finger member, a projection, or the like. By inserting
any of these into the insertion port and moving it, the rotor
may be rotated. Alternatively, the rotor may be rotated by
holding and moving the projection or the like of the rotor with
the finger member or the like. Further alternatively, the rotor
may be rotated by pushing and moving the rotor with the
finger member or the like.

In this embodiment, the sensor 130 detects the tube 500
inserted into the insertion hole 306C of the rotor 305. Thus,
the rotational position of the rotor 305 is detected. However,
for example, the rotational position of the rotor may be
detected by detecting an appropriate mark on the rotor (for
example, an optical mark or a magnetic mark) with an appro-
priate detection unit (for example, an optical sensor or a
magnetic sensor).

In the above embodiment, the robot main body 100 serves
as a double-arm robot having the two arms 1031 and 103R
and the two hands 120L and 120R. However, the embodiment
of the present disclosure is not limited to this example. For
example, the robot main body may be a single-arm robot
having one arm and one hand or a robot having three or more
arms and three or more hands.

In the above embodiment, the rotor 305 is provided with
one tube 402. The centrifugal separator 300 processes one
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sample Sa in one operation. However, the embodiment of the
present disclosure is not limited to this example. For example,
the robot system may have the rotor 305 with the two or more
tubes 402 so that the centrifugal separator 300 can process
two or more samples Sa in one operation.

In the above embodiment, the robot system 10 performs a
series of jobs including a job of inserting the tube 402 into the
insertion hole 306 provided on the rotor 305 of the centrifugal
separator 300 and a job of removing the tube 402 from the
insertion hole 306. However, the embodiment of the present
disclosure is not limited to this example. The robot system
according to the present disclosure may be a device perform-
ing a predetermined process (for example, exhibition using a
Ferris wheel) on a work using a rotation device (for example,
a demonstrator like a Ferris wheel) other than the centrifugal
separator.

The arrow in FIG. 7 indicates one example of the flow of
the signal. This arrow does not limit the direction where the
signal flows.

The flow charts of FIGS. 8 and 9 do not limit the embodi-
ment to the procedure shown in these charts. The procedure in
the charts may be added, deleted, or modified within the range
not departing from the content and technical thought of the
present disclosure.

The methods in the embodiment and each meodified
example may be combined with each other as appropriate.

Although not exemplified, various modifications may be
made in the embodiment and each modified example within
the range not departing from the content.

In Step S105, the operation control unit 204 activates the
timer (not shown) of the robot main body 100 which is set to
approximately the same time as the end timing of the cen-
trifugal separation process of the centrifugal separator 300
started in Step S100, and the robot main body 100 is made
standby until the end of the set time of the timer. Note that the
centrifugal separator 300 and the robot controller 200 may be
connected to each other and the centrifugal separator 300 may
be set so that the signal is output to the robot controller 200
upon the end of the centrifugal separation process, and the
robot main body 100 may be kept standby until the signal is
input. In this embodiment, wherever the rotor 305 stops, the
control by the first control unit 205 can make the rotational
position of the rotor 305 uniform at the particular position.
Thus, the installation and removal of the tube 402 at and from
the sample set part on the basis of the subsequent control by
the second control unit 206 can always be performed at the
same position from the view of the robot main body 100. As
a result, as compared with the case where the tube 402 is
installed and removed through the photographing, image
analysis, and the like every time with respect to the unstable
rotational position and sample set part, the operation control
of the robot main body 100 can be simplified and the opera-
tion reliability can be increased. Moreover, the robot system
according to the present disclosure may be any of the follow-
ing first to sixth robot systems.

A firstrobot system includes: at least one robot arm; at least
one robot hand provided on the at least one robot arm; a
contact unit provided on the at least one robot hand to be in
contact with a rotator body, which is capable of housing a
work, of a rotator device which includes the rotator body and
a fixed part for rotatably supporting the rotator body and
which performs a predetermined process on the work; a
detection unit configured to detect a detection target part
provided on the rotation body; a first control unit for control-
ling operation of the robot arm and the robot hand so that the
contact unit is brought into contact with the rotation body and
rotates the rotation body up to a predetermined rotational
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position according to a result of detecting the detection target
part by the detection unit; and a second control unit config-
ured to control operation of the robot arm and the robot hand
so that the work is installed at a predetermined work set part
of the rotation body stopping at the predetermined rotational
position by the control of the first control unit or the work is
removed from the work set part.

A second robot system is the first robot system in which:
the contact unit is the robot hand or an insertion tool held by
the robot hand, which can be inserted into a first insertion port
provided on the rotation body of the rotation device; and the
first control unit controls the operation of the robot arm and
the robot hand so that, after the insertion of the robot hand or
the insertion tool into the first insertion port, the rotation body
is rotated up to the predetermined rotational position at which
the work set part of the rotation body becomes a predeter-
mined particular position relative to the fixed unit by moving
the inserted robot hand or insertion tool.

A third robot system is the second robot system in which:
the first control unit controls the operation of the robot arm
and the robot hand so that the rotation body is rotated up to the
predetermined rotational position at which a second insertion
port provided on the rotation body as the work set part comes
to the particular position.

A fourth robot system is the third robot system in which:
the second control unit controls the operation of the robot arm
and the robot hand so that work is inserted into the second
insertion port of the rotation body stopping at the predeter-
mined rotational position by the control of the first control
unit or the work is removed from the second insertion port.

A fifth robot system is any of the second to fourth robot
systems in which: the detection unit is a sensor for detecting
a positioning member serving as the detection target part
inserted into a third insertion port among plural insertion
ports provided on the rotation body.

A sixth robot system is any of the first to fifth robot systems
in which: the rotation device is a centrifugal separator for
performing centrifugal separation as the predetermined pro-
cess; and the work is a vessel to be processed in which a body
to be separated as the target of the centrifugal separation is
housed.

According to the first to sixth robot systems, the operation
control of the robot arm and the robot hand can be simplified
and the operation reliability thereof can be increased.

The foregoing detailed description has been presented for
the purposes of illustration and description. Many modifica-
tions and variations are possible in light of the above teaching.
Itis not intended to be exhaustive or to limit the subject matter
described herein to the precise form disclosed. Although the
subject matter has been described in language specific to
structural features and/or methodological acts, it is to be
understood that the subject matter defined in the appended
claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts
described above are disclosed as example forms of imple-
menting the claims appended hereto.

What is claimed is:

1. A method of controlling a robot comprising a robot arm
and a robot hand provided on the robot arm, the method
comprising:

performing a first operation of the robot arm and the robot

hand to detect a detection target part provided on a
rotation body of a rotation device using a sensor, the
rotation device includes the rotation body capable of
housing a vessel and a fixed part rotatably supporting the
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rotation body, the rotation body includes a first insertion
port and a second insertion port which are to house the
vessel;

performing a second operation of the robot arm and the
robot hand so that an insertion tool is inserted into the
first insertion port, the insertion tool is provided on the
robot hand, the first insertion port is specified based on a
result of the first operation;

performing a third operation of the robot arm and the robot
hand to move the insertion tool inserted into the first
insertion port so that a rotational position of the rotation
body is set at a predetermined rotational position at
which a position of the second insertion port relative to
the fixed part becomes a predetermined particular posi-
tion; and

performing a fourth operation of the robot arm and the
robot hand so that the vessel is inserted into or removed
from the second insertion port of the rotation body when
the rotation body is stopped at the predetermined rota-
tional position.

2. A robot system comprising:
a robot arm;
a robot hand provided on the robot arm;

a rotation device configured to perform a predetermined
process on a work, the rotation device having a rotation
body capable of housing a vessel and a fixed part rotat-
ably supporting the rotation body, the rotation body hav-
ing a plurality of insertion holes;

ameans for rotating the rotation body provided on the robot
hand;

a means for detecting a detection target part provided on
the rotation body, the means for detecting a detection
target part being provided on the robot hand;

a means for controlling a first operation of the robot arm
and the robot hand to detect the detection target part by
the means for detecting the detection target part; and

ameans for controlling a second operation of the robot arm
and the robot hand so that the vessel is inserted into or
removed from a predetermined insertion hole of the
plurality of insertion holes when the rotation body is
stopped at a predetermined rotational position.

3. A robot system comprising:

a robot arm;

a robot hand provided on the robot arm;

a rotation device configured to perform a predetermined
process on a work, the rotation device having a rotation
body capable of housing a vessel and a fixed part rotat-
ably supporting the rotation body, the rotation body hav-
ing a plurality of insertion holes;

an insertion tool provided on the robot hand for rotating the
rotation body;

a sensor provided on the robot hand, the sensor being
configured to detect a detection target part provided on
the rotation body; and

a controller configured to control a first operation of the
robot arm and the robot hand to detect the detection
target part by the sensor,

wherein the controller is configured to control a second
operation of the robot arm and the robot hand so that the
vessel is inserted into or removed from a predetermined
insertion hole of the plurality of insertion holes when the
rotation body is stopped at a predetermined rotational
position.
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4. The robot system according to claim 3,

wherein the plurality of insertion holes includes a first
insertion port and a second insertion port different from
the first insertion port,

wherein the insertion tool is insertable into the first inser-
tion port specified based on the result of the detection
target part by the sensor,

wherein the controller is configured to control a third
operation of the robot arm and the robot hand so that the
insertion tool is inserted into the first insertion port, and

wherein the controller is configured to set a rotation posi-
tion of the rotation body at the predetermined rotational
position at which a position of the second insertion port
relative to the fixed part becomes a predetermined par-
ticular position by controlling a fourth operation of the
robot arm and the robot hand to move the insertion tool
inserted into the first insertion port.

5. The robot system according to claim 4, wherein the

insertion tool is held by the robot hand.
6. The robot system according to claim 4 wherein the
second insertion port is the predetermined insertion hole.
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7. The robot system according to claim 3, wherein

the plurality of insertion holes includes a third insertion
port, and

the sensor detects a positioning member serving as the
detection target part, which is inserted into the third
insertion port.

8. The robot system according to claim 7, wherein

the second insertion portis provided at a position facing the
third insertion port.

9. The robot system according to claim 3, wherein

the rotation device is a centrifugal separator for performing
centrifugal separation as the predetermined process, and

the work is the vessel which houses a body to be separated
as a target of centrifugal separation.

10. The robot system according to claim 3, wherein

the robot hand includes a first hand and a second hand,

the insertion tool is provided on the first hand, and

the second hand is configured to install the vessel or
remove the vessel.
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